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CLAIMS : 



1. A method of providing piintability analysis for a defect 
on a physical mask, the method ccmprising: 

generating a simulated wafei image of the physical mask; 

generating a simulated wafer] image of a reference mask, the 
reference mask corresponding to al defect-free physical mask; 

identifying a first feature proximate to the defect on the 
simulated wafer image of the physical mask; 

identifying a second feature Ion the simulated wafer image of 
the reference mask, the second feature corresponding to the first 
feature; and I 

comparing the first and seconii features to provide the 
printability analysis. \ 

2. The method of Claim 1, wherein comparing includes 
determining a first critical dimension of the first feature and a 
second critical dimension of the second feature. 

3. The method of Claim 2, wherein comparing includes 
calculating a relative critical dimension deviation for the first 
and second features . I 

4. The method of Claim 3, wherein calculating the relative 
critical dimension deviation includes subtracting the second 
critical dimension from the first critiical dimension, and 
dividing a resulting value by the second critical dimension. 

5. The method of Claim 3, further including: 
identifying a first plurality of features proximate to the 

defect on the simulated wafer image of thfe physical mask; 
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identifying a second plurality of features on the simulated 
wafer image of the reference mask, the second plurality of 
features corresponding to the first plurality of features; and 

calculating a plurality of relative/ critical dimension 
deviations for the first and second plurality of features. 

6. The method of Claim 5, further including determining the 
largest of the plurality of relative critical dimension 
deviations, thereby providing a maximum critical dimension 
deviation . 

7. The method of Claim 1, further including; 
identifying a third defect-free/ feature on the simulated 

wafer image of the physical mask; 

identifying a fourth feature oA the simulated wafer image of 
the reference mask, the fourth featpre corresponding to the third 
feature; and 

comparing the third and fourth features 

8. The method of Claim 7, wherein comparing the third and 
fourth features includes determining a first critical dimension 
of the third feature and a second critical dimension of the 
fourth feature . 

9. The method of Claim 8,/ wherein comparing includes 
calculating a critical dimensi9n deviation for the first and 
second features . 



10. The method of Clainy 9, wherein calculating the critical 
dimension deviation includes /subtracting the first critical 
dimension from the second ciJitical dimension, and dividing a 
resulting value by the second critical dimension. 
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11. The method of Claim 9, furthef including calculating 
the critical dimension deviation for N /defect-free features on 
the simulated wafer image of the physiycal mask, wherein N is an 
integer equal to or greater than two., 

12. The method of Claim 11, wherein the critical dimension 
deviation for each defect-free featyure is added, and a resulting 
value is divided by N, thereby projt^iding an average critical 
dimension deviation. 

13. A method of providing f)rintability analysis for a 
defect on a physical mask, the method comprising: 

generating a simulated waner image of the physical mask; 

generating a simulated wafer image of a reference mask, the 
reference mask corresponding no a defect -free physical mask; and 

comparing the simulated wafer images of the physical and 
reference masks to provide tne printability analysis. 

14. The method of Claim 13, further including determining a 
defect severity score based /on the step of comparing. 

15. The method of Clafim 13, wherein the step of comparing 
includes : 

generating a first pijbcess window based on a first feature 
on the simulated wafer image of the physical mask; 

generating a second process window based on a second feature 
on the simulated wafer image of the reference mask, wherein the 
second feature corresponjfis to the first feature; and 

determining a commc/n process window based on the first and 
second process windows , 
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16. The method of Claim 15, wherein/ the common process 
window is based on a plot of exposure deviation versus defocus, 

17. The method of Claim 15, wherean the common process 
window is based on a plot of exposure ^Latitude versus depth of 
focus . 

18. A method of providing prinfeability analysis for a 
defect on a physical mask, the method comprising: 

generating a simulated wafer i/nage of the physical mask; 
identifying a first feature o^ the simulated wafer image 

affected by the defects- 
identifying a second feature Ion the simulated wafer image 

unaffected by the defect, wherein/ the first and second features 

have substantially the same criti/cal dimension in the absence of 

the defect ; and 

comparing the first and sedbnd features, 

19. The method of Claim IB, wherein comparing includes; 
providing a first process /window for the first features- 
providing a second procesf window for the second feature ; 

and 

determining a common proq/ess window based on the first and 
second process windows . 

20. The method of Clairfi 19, wherein the common process 
window is based on a plot off exposure deviation versus defocus, 



21. The method of Clafim 19, wherein the common process 
window is based on a plot <pf exposure latitude versus depth of 
focus . 
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22. A method of fabricating a physical mask, the method 
comprising : 

designing an integrated circuits- 
creating mask design data for a l^yer of the integrated 
circuits- 
manufacturing a physical mask cojhforming to the mask design 

data; 

inspecting the physical mask baJbed on a simulated wafer 
image of the physical mask and a simulated wafer image of a 
reference mask, wherein the reference mask corresponds to a 
defect -free physical mask; and 

determining whether the physical mask passes inspection. 

23. The method of Claim 22, /wherein inspecting includes: 
comparing the simulated waf^ images of the physical and 

reference masks. 

24. The method of Claim 2^, wherein inspecting further 
includes determining a defect severity score based on the step of 
comparing . 

25. The method of Claim |3, wherein inspecting further 
includes : 

generating a first procesfe window based on a first feature 
on the simulated wafer image of the physical mask; 

generating a second process window based on a second feature 
on the simulated wafer image of the reference mask, wherein the 
second feature corresponds tol the first feature; and 

determining a common prqcess window based on the first and 
second process windows. 
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26. The method of Claim 25, whereJn the common process 
window is based on a plot of exposure deviation versus defocus. 



27. The method of Claim 25, wheyein the common process 
window is based on a plot of exposur^ latitude versus depth of 
focus . 

28. A method of generating a /ief ect severity score for a 
defect on a mask, the method comprising: 

providing two-dimensional analysis on the defect and a first 
feature on the mask, the first fefature being proximate to the 
defect ; 

providing a first wafer ima^ge of the mask; and 
providing defect analysis pn a second feature on the wafer 

image, the second feature correfsponding to the first feature 

being simulated. 



29. The method of Claim 128, further including: 

identifying a third feature on a defect- free reference image 
of the mask, the third feature representing the first feature; 

providing a second wafer image of the reference image, the 
second wafer image including! a fourth feature, the fourth feature 
corresponding to the third ieature being simulated; and 

providing defect analysis on the fourth feature. 



30. The method of Claim 29, wherein providing defect 
analysis on the second and fourth features includes comparing 
critical dimensions on the second and fourth features. 



31. The method of /Claim 30, wherein providing defect 
analysis further includjes determining changes of the critical 
dimensions at different exposures. 
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32. The method of Claim 31, wherein /providing defect 
analysis further includes determining a mAximum critical 
dimension change for each exposure. / 

33. The method of Claim 32, wherein providing defect 
analysis further includes calculating af relative maximum critical 
dimension change for each exposure. / 

34. The method of Claim 29, fur|ther including providing a 
calibration between the first and second wafer images. 

35. A system for analyzing a aefect on a physical mask, the 
system comprising: / 

an inspection tool for generai:ing a mask image from the 
physical mask and a reference image from a reference mask; 

a wafer image generator for /simulating a stepper mask image 
from the mask image and a stepper reference image from the 
reference image ; and / 

a defect printability analysis generator for comparing the 
stepper mask image and the stepper reference image. 

36. The system of Claim B5, further including a critical 
region identification generator for determining if the defect is 
located in a critical region pf the physical mask, the critical 
region identification generaoor providing an output to the defect 
printability analysis generator. 

37- The system of Claim 35, further including a bitmap 
editor for receiving data from the defect printability analysis 
generator and providing a suggested repair to the defect. 
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38. The system of Claim 21, further including a mask repair 
tool for responding to the suggested/ repair . 

39. The system of Claim 38, v/herein the system 
automatically analyzes the defect knd the mask repair tool 
automatically responds to the suggested repair. 

40. The system of Claim 35/ wherein the system 
automatically analyzes the defeat and the defect printability 
analysis generator automatically- provides a severity score for 
the defect . 

41. A system for generatfing a defect severity score for a 
defect on a physical mask, the system comprising: 

means for generating a ffirst image of a feature on the 
physical mask proximate to tme defect and a second image of the 
feature on the reference image; 

means for simulating a /first wafer image of the first image 
and a second wafer image of /the second image; and 

means for generating the defect severity score based on the 
first and second wafer images. 

42. The system of Claim 41, further including means for 
identifying if the defect Is within a critical region, wherein 
the means for identifying provides data to the means for 
generating the defect severity score. 



43. The system of C 
simulating includes mean^ 
lithographic conditions 



aim 41, wherein the means for 
for responding to a plurality of 



44. A physical mask comprising: 
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at least one defect being modifiefl based on analyzing a 
simulated wafer image of the physical /mask and a simulated wafer 
image of a reference mask, the reference mask corresponding to a 
defect -free physical mask; and 

at least one defect being unmdBified based on analyzing the 
simulated wafer image of the physical mask and the simulated 
wafer image of the reference maskj 

45. A physical mask comprising: 

at least one irregularity oeing modified based on analyzing 
a simulated wafer image of the physical mask; and 

at least one irregularity jbeing unmodified based on 
analyzing the simulated wafer ^mage of the physical mask. 

46. A physical mask comprising: 



at least one feature being modified based on comparing a 
simulated wafer image of the /physical mask and a simulated wafer 
image of a reference mask, the reference mask corresponding to a 
defect -free physical mask; aind 

I 

at least one feature being unmodified based on comparing the 



simulated wafer image of tl|e physical mask and the simulated 
wafer image of the referenc^e mask. 

47. An integrated c|/rcuit fabricated using a physical mask 
comprising: 

at least one feature being modified based on comparing a 
simulated wafer image of/ the physical mask and a simulated wafer 
image of a reference mask, the reference mask corresponding to a 
defect-free physical m^^k; and 

at least one featmre being unmodified based on comparing the 
simulated wafer image pf the physical mask and the simulated 
wafer image of the reference mask. 
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48. An integrated circuit fabricated us|.ng a physical mask 
made by the following steps: 

generating a simulated wafer image of tHe physical mask; 

generating a simulated wafer image of aj reference mask, the 
reference mask corresponding to- a defect-free physical mask; and 

comparing the simulated wafer images qf the physical and 
reference masks . 

49. Computer software for analyzing' a defect on a first 
mask, the software including: 

means for generating a simulated w^fer image of the first 

mask; 

means for generating a simulated Avafer image of a second 
mask, the second mask corresponding to a defect -free first mask; 
and / 

means for comparing the simulated wafer images of the first 
and second masks to analyze printabAlity of the defect. 

50. The computer software o^ Claim 49, wherein the means 
for comparing includes: / 

means for generating a defect severity score for the defect 

51. The computer software/ of Claim 49, further including: 
means for providing repair information on the defect based 

on the printability . 

52. The computer software of Claim 50, further including: 
means for providing repair information on the defect based 

on the defect severity scor^. 
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53. A method of inspecting a physical/ mask, the physical 
mask including a defect, the method comprising the following 
steps : 

generating a simulated wafer image pt the physical mask; 

generating a simulated wafer image /of a reference mask, the 
reference mask corresponding to a defedt-free physical mask; and 

comparing the simulated wafer imaaes of the physical and 
reference masks to provide information on the defect. 

54. The method of Claim 53, wt^rein comparing includes 
generating a defect severity score. 

55. The method of Claim 53, ffurther including; 
communicating the information on fhe defect to a mask repair 
tool . 

' 56. The method of Claim 54/, further including 
communicating the defect severity score to a mask repair tool. 

57. The method of Claim 53, wherein the reference mask 
includes one of the following:/ a simulated image of a layout of 
the physical mask, a defect-free area of the physical mask having 
a substantially identical paotern to that including the defect, 
and a simulated image of the/physical mask as the physical mask 
is processed in manufacturii 



58. The method of Clafim 53, wherein generating the 
simulated image of the physical mask compensates for image 
distortions created during image capture. 
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